A high-performance liquid chromatography (HPLC) method for the determination of sweat chloride was developed and evaluated. This method is capable of measuring chloride ion in sweat eluates with an analytical working range from 0·5 mmollL to 6 mmollL (15 to 180 mmollL in undiluted sweat samples). Precision studies showed that at the levels of I mmollL, 2· 5 mmollL and 3· 5 mmollL, the within batch coefficients of variation were I· 26010, O' 88% and 0'43%, respectively, and the between batch coefficients of variation were I· 31%, I· 75% and I· 07%, respectively. The minimum detection limit was O' 5 mmollL. This method correlated well with the ion-selective electrode (ISE) method currently in use.
Sweat electrolyte analysis is still regarded as the most reliable routine diagnostic test for the detection of cystic fibrosis. 1 The concentration of electrolytes found in sweat eluates is typically 10fold lower than those found in serum samples and this can cause problems when trying to adapt routine methods which have been developed for serum measurement. Sweat sodium concentration is commonly measured by flame photometry but the analysis of sweat chloride is more difficult due to the limited range of analytical techniques available in routine laboratories. A method for measuring sodium and chloride concentration in diluted sweat samples using ion-selectiveelectrode (lSE) has been described-for the IL Monarch 2000 (Instrument Laboratories (UK) Ltd, Warrington, UK) centrifugal analyser. This instrument, however, is not available in all laboratories and many routine biochemistry analysers do not have the same capability to alter the electrolyte measuring range. Low levels of chloride can also be measured hy titration.' potentiometry" and ion chromatography. Ion-chromatography, a term applied to a liquid chromatographic technique for the separation and quantification of ions, was first developed using ion-exchange columns and Correspondence: Mr B G Keevil. 502 electro-conductivity detection.' Although simpler techniques have been developed," they still require a conductivity detector. Many of these analytical techniques require specific, usually dedicated equipment, which prompted us to look at HPLC. Reversed phase HPLC columns have been used for ion-chromatography, using mobile phases with added hydrophobic reagents which help to control the separation characteristics of the oppositely charged ions." These reversed phase columns have the advantage over ion-exchange columns of prolonged lifetime, improved selectivity and efficiency. Further advantages arise from the variety of stationary and mobile phases, offering more flexibility for method development. The most commonly used HPLC detectors employ direct ultra violet (UV) detection, however direct UV detection is only possible for UV absorbing ions. An alternative approach, indirect photometric or vacancy detection, to detect non-UV absorbing ions has been described. Vacancy detection is a technique which involves adding a substance to the mobile phase which produces a high background absorbance. The non-UV absorbing analyte, in this case chloride ion, produces a decrease in the background absorbance when it passes through the detector. This method has been used to measure anions in water and soil samples." We describe an adaptation of this method for the measurement of chloride in diluted sweat samples. detection was at 263 nm and the polarity of the detector was set to negative. The chromatographic separation was performed at 40°C.
METHODS AND MATERIALS
Tetrabutyl ammonium hydroxide was obtained from Sigma Chemical Co., (Dorset, England), potassium hydrogen phthalate (Analar grade) was obtained from BDH (Dorset, England).
ISE Measurement
Chloride was analysed by ISE on the IL Monarch 2000 using a previously published procedure.? The calibrator concentrations were 2 and 4 mmollL of sodium chloride.
Sweat collections
Sweat was collected for 30 min with pre-weighed 5·5 ern diameter Whatman No. 41 paper after pilocarpine stimulation, according to the method of Gibson and Cooke." The amount of sweat collected was assessed by re-weighing the filter. Sweat was eluted from the filter paper with 3 mL of distilled water after mixing for 30 min. The eluate was centrifuged to remove filter paper debris prior to analysis. The final concentration of sweat chloride was derived from the following formula: RESULTS Figure 1 illustrates a typical chromatogram of a sweat sample. The peak corresponding to chloride ion was found to elute in less than 2 min, allowing an injection interval of 3 min. Column equilibration time is fast and the system is ready for injection within 30 min of start up.
Calibration
Sodium chloride standards (1, 2, 3, 4, 5 and 6 mmollL) were used to calibrate the assay. The standard curve was constructed by plotting peak area against concentration and was found to be linear up to 6 mmollL (Fig. 2) . Recovery studies done by adding a sodium chloride solution (10 mmollL) to a sweat eluate with a chloride concentration of 2· 5 mmollL to achieve chloride increments between 1 and 4 mmollL showed percentage recoveries between 95% and 1050/0.
Precision studies
Within batch imprecision (as coefficient of variation) assessed using 20 replicate analyses of sodium chloride solutions (0' 5, 1, 2· 5 and 3· 5 mmollL) was between 0'430/0 and 2·05% (Table 1) . Between batch precision assessed by analysing these solutions in 15 consecutive assays over a period of 2 weeks, was below 2· 0%. 
Mobile phase
The mobile phase consisted of 1 mmollL potassium hydrogen phthalate and 1 mmollL tetrabutyl ammonium hydroxide (TBAH). The mobile phase was degassed by vacuum filtration, using a 0·45 /Lm, filter before use.
Five micro litres of sweat eluate was injected into the column. The pump rate was 1· 5 mL/min. Peak Webb AK, David TJ. Clinical management of children and adults with cystic fibrosis. BMJ 1994; 308: 459-62 the ion pair reagent. After trying several reagents we found that TBAH works well. The anion coupling agent TBAH forms a bulky ion-pair with chloride ion which interacts with the hydrophobic stationary phase to increase retention time. This resulted in reasonable separation with analysis times of three minutes per sample. The close proximity of the chloride peak and the sample front has not caused us any problems and we have not considered using either a higher concentration of ion pair or a larger ion pair molecule, although this remains a possibility. Sweat eluate is a relatively clean matrix and we saw no interfering peaks in any of the samples that we analysed. We did not try sweat samples collected with the Wescor macroduct system but previous work? has shown a similar range of expected chloride concentration which would therefore theoretically cause few problems with this assay. The precision of the assay is good and the high level of sensitivity means that small volumes of sweat can be analysed easily. The method is probably capable of measuring concentrations lower than 0·5 mmollL. As this concentration represents a sweat chloride value of 15 mmollL any more sensitivity was felt to be unnecessary. We have not pursued the possibility of measuring sodium by a similar technique as it can be easily measured by flame photometry. We conclude that this HPLC method is a quick and simple alternative approach to the measurement of chloride in sweat samples. 
Method comparison
The HPLC method was compared with the ISE method using sweat samples taken from 14 laboratory volunteers. The difference plot? indicates that there is no significant bias between the two methods ( Fig. 3) . Chloride concentration (mmoI/L)
DISCUSSION
Measuring low levels of chloride, as are present in sweat, can cause problems as many ISE methods are calibrated for concentrations encountered in blood or urine. The IL Monarch is an exception because the electrode response could be changed. As this analysis is not available in many laboratories we evaluated a method based on HPLC equipment. The buffers are simple to prepare and expensive ion exchange columns are not required. We found the equilibrium time for the column to be less than thirty minutes and this coupled with the fast analysis and minimal sample preparation has allowed us to analyse a batch of 20 samples in less than 2 h. Although the chloride ion cannot absorb UV, it can be detected by measuring the decrease in the high background UV absorbance which is created by potassium hydrogen phthalate. The authors in the original paper" did not disclose 
